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IHicrvrhiml Planning and Execution
Beforr deMibing tbc eLment0 of hierarchical plaMing and execu-

tion. we will prwide our working de6nitioo orIplan and dtscnbe the
difference between planning and execution. A plpn Is ma& up of actions
d evalts. 'Ibt ue either events in tbc world or events m the
intcmal state of f k rpncm. We ~prumta plan as a graph. Thc nodes

of thc planner is to obtain a plan graph. It can either generate it or
of Ebc graphrevactions a d the ucs represent events. The pu'pose

ICOiCVC it 8m.

that replan for dynamic environments only
kea deteuui. each planner is consrantly

rrplyrning d.muS, continually updating its view of the world and its
solution to t& st?lch problem. Figure 1 illuscrares the &IC components
of the plvlning systan at each level of b e hierarchy. In order of execu-
tion.me sysml functions as follows.



33. Esxmbc
For each Planrrr t k o r r : is an Exmtor that is responsible for suc-

4.1. Gbbd Maps
an for the MAW project is Lake Winnipesaukce in

is particular@ &dent for SQlSor and amfidcnce map representation.
cince lnvxplorcd portions of mDsc maps an empty. Such areas can be
rrprsented by a small number of aodes in tbe trtc.
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43. Locll Maps
wmnt lev& of thc hietarchy rquh di f femt bcal map

mlutions. Also different types of data may bededat each levd
Gtncrpuy, resolution of tbe map at each levelis about an order of
wrudc lcfs than mt lcvcl Mow. AUlocalmaps u e implemd as
m y data suucmres a d mly mt lowest level(hiighest resolution) local
map updates tbe global quadtrcts. F i 2 sbows the mapping hierar-
thy for a gerrraiizui data sef Anays UIC used for their fast, amsta!U

time and for of implementation. Local maps arc
global quaitree dntabase. hst by exrncting a priori

map data for the region, tkn medaying t h data stonxi in the sensor
pd conhdencc quadaees, Wrb arc presumed to be more acauatc thaw

quadtrres uc w a v e d ova mt local map =@onBecausc tbe updaring
algorithm only stores data in tbc sensor quadm if the the d d u r c c
measwe is above thc level md@ to tbe a p ion 4911. my mde for
which the= arc sensor data usts tbc sensed value. The localmap uscs a
priori knowledge only if iusufkient sasor dam have been collcctd for
mat node. Confidence qua&rec values UIC also copied into tbc local
map-

mC mission kvel map divides the

area. The Iyxt two levels in

tk lake m e y infonndan In fusing tk lhrcc sefs of data 111 ttva

example, the output may be a perrx~pagcof pixels for which the vebicle
clears thc lake bottom over the hypothesi path In the simples case.
the world model can provide a probability of 1 if al l of thc pixels arc
traversable, or 0 if my arc obsrrucred. Typically. mt e-move plot
planner will query tbc world modcl for mC prveMbility of severalpuhs. usmg A* scatb to choose rhc best path. "be e-move map is also
thc kvel updated directly by sensor reedings: itsmodifications uc pro-
pagated up thmugh tbe mapping hierarchy.

izes
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At the beginning of a mission, tbe MAW colltlol system initial-
mt global and local maps, reding available a priori knowledge

I a secondary storage device. The SQlSor quadtrte ts initially arm-
posed of a single, empty node, though it could also contain sensor data
nored from pwious missions if available Likewise. tbc amlid-
qudtrre is i n i d W as a single node confaining a bw coddare
value. unless there is d d - data fromIprevious mission Inp-
d.the world model starts up in a aatc of total dependace m a priori
knowledge. gradually becoming mon reliant on mt CIUlcDt sensor map
m dno arc collected.

In updating tht map fiom downwuti -looking sonar data the a@-

updated mund the cuncnt vehicle loution which depends m t k widrh
of the sonar beam and the distance 10 mC lake bottom. G ~ v mmat the
krm width is 6x4 and the range is rmuned by mt sensor, a closed-
form nigonomemc solution can be perfomcd using a loohrp table.
Atbough the 2-D projection would be bea rrprsented as a circular
region. for our purposes, a square nelghbomood is sufficiently accurate
md more efficient to @ate. 'zhc depth stored at each pixel of the

rithm fim campus approximare ncighborbwd size of pixels m be

mghborhooa m mClocalmap is compand to tbe observed sonar rcad-
iug. Ifthe trwo v&m arc mt within an acceptable margin of error, the
conflicting data cruse mC pixel's con6dencx to be lowered. If the two
dcph vabS IR in agreement the Confjdence value is incremented
unless it bas already rtoched the maximum allowed. Whenever a pixel's
mm vdue drops below thc pndcfintd threshold. it takes on the
DCW depth rcrding a d is &@ a t a e confide= value. For the*dCpm-. fiable as either confhctmg or agree-
ing witb mc tbe model. None of the data are
imlevam in tbhuse.

(fQrwud-bolring)sonar mapping algorithm
tru pjcct ion of tbe cone into the hvo-

smting the top and bottom
coars~resolution used in the

given pixel may be clear.or rt may
the vehicle dneas m obsude. the mapping algorithm adds the informa -
tian to rtr local map by 6u modeld boaom of mt lake at that

location (Le. making it shallow, Figurr 3).
~tis r l ~ am aparrial function of mC world modcl to be able to

mation h u t the deph of tbe lake bottom if we alrrady have some a
priori kmwkdge that tfu lake is approximately N metem deep. In this
case it would be amsidered inulevant data

'fbc m e is not m e for pixels in thc pmjwion whose distance
frm tk ~DIUU#ICUGCim-thanor equal to mt range rctwned by
tbe sensor. 'zbesr pixels mmspd to detecrcd obstaEles and the depth
vllucs in tk loepl
I imthebulmrp
of mc bcrm to be.

,making the model
shauower. Its confidence is again initialized m L bsse value.

5. Timing
An impnant issue for real-timeCOnElolis timing o f processes. In

dislNssing tk timing in t k MAW syaan. we consider the following
fkfors at each kvel of the hierarchy: executor cycle period. input com-
mmd update interval, ~plaMinginterval, and planuing horizon.

Tht input command update interval is the DY at which new mm-
mmxls arc input into a givm levd fmm tbc level above. 'zbc rcplaMing
irncrval is how often thc planners at a given level do cyclic replarming.
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Figun 1. MAW planning system.
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Figure 7. Updating the world model lake depth.
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